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(57) A porous silicon carbide sinter having superior 
thermal uniformity, thermal response, and shape stabil- 
ity. The porous sinter is formed by silicon carbide crys- 
tals (21 , 22), and the structure formed by the silicon car- 



bide crystals includes opened pores (23). The silicon 
carbide crystals have an average grain diameter of 
20ujti or greater, a porosity of 40% or less, and a thermal 
conductivity of 80W/m.K or more. 
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Description 
TECHNICAL AREA 

[0001] The present invention relates to a porous sili- 
con carbide sinter and a silicon carbide-metal compos- 
ite, and more particularly, to a silicon carbide sinter and 
a silicon carbide-metal composite that are optimal for a 
table that is used by an apparatus for grinding semicon- 
ductor wafers, and to a method for manufacturing a sil- 
icon carbide sinter and a silicon carbide-metal compos- 
ite. 

BACKGROUND ART 

[0002] Many present-day electric products use semi- 
conductor devices that are manufactured by forming mi- 
croscopic semiconducting circuits on silicon chips. Such 
a semiconductor device is manufactured from a monoc- 
rystal silicon ingot through the procedure described be- 
low. 

[0003] The monocrystal silicon ingot is first sliced into 
thin pieces. The sliced pieces are ground in a lapping 
process and a polishing process. A bare wafer that has 
undergone these processes has a mirror surface and is 
thus referred to as a mirror wafer. Further, a bare wafer 
that has undergone an epitaxial layer forming process 
subsequent to the lapping process and prior to the pol- 
ishing process is specifically referred to as an epitaxial 
wafer. 

[0004] In a following wafer treating process, the bare 
wafer repetitively undergoes oxidation, etching, and im- 
purity dispersion. After undergoing the above process- 
es, the bare wafer undergoes a dicing process and Is 
cut to an appropriate size thereby finally completing the 
desired semiconductor device. 
[0005] In the above processes, the surface of the 
semiconductor wafer on which a device is formed must 
be ground in one way or another. Accordingly, various 
wafer grinders (lapping machines and polishing ma- 
chines) have been proposed in the prior art as effective 
means for performing such grinding. 
[0006] A typical wafer grinder includes a table, a push- 
er plate, and a cooling jacket. The table is fixed to an 
upper portion of the cooling jacket. The table and the 
cooling jacket are both made of a metal material such 
as stainless steel. The cooling jacket includes a flow 
passage through which cooling water circulates to cool 
the table. A wafer that is to be ground is adhered to a 
holding surface (lower surface) of the pusher plate, 
which is arranged above the table, by a thermoplastic 
wax. The wafer held by the pusher plate, which is rotat- 
ed, is pressed against a grinding surface (top surface) 
of the table from above the table. As a result, the wafer 
contacts the grinding surface and the surface on one 
side of the wafer is uniformly ground. The heat that is 
built up in the wafer in this state is transferred to the 
cooling jacket via the table and released from the grinder 
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by the cooling water circulating through the flow pas- 
sage in the cooling jacket. 

[0007] The wafer grinder table is often heated to a 
high temperature during a grinding operation. It is thus 

5 required that the table be formed from a material that is 
heat resistant and thermal impact resistant. Further, fric- 
tional force is constantly applied to the grinding surface 
of the table. Thus, it is also required that the table be 
formed from a material that is abrasion resistant. Addi- 

w tionally, the generation of thermal stress, which bends 
the wafer, must be avoided to manufacture a wafer hav- 
ing a large diameter and high quality. Thus, the temper- 
ature difference within the table must be minimal. It is 
thus required that the material also have high thermal 

15 conductance. 

[0008] Due to the above circumstances, there are 
some ceramic materials having superior physical and 
mechanical properties (i.e., new ceramic and engineer- 
ing ceramic) that are recently drawing attention as ma- 

20 terials that will take place of the metal material that has 
been used to form the table. Among these materials, sil- 
icon carbide (SiC) has been receiving particular atten- 
tion. 

[0009] Silicon carbide has optimal characteristics 

25 such as superior thermal conductance, heat resistance, 
thermal impact resistance, abrasion resistance, hard- 
ness, oxidation resistance, and corrosion resistance. 
Thus, silicon carbide may be used as, for example, an 
abrasion resistant material used in mechanical seals, 

30 bearings, or the like, a thermal resistant structural ma- 
terial used in a fireproof element of a high temperature 
furnace, a heat exchanger, a combustion pipe, or the 
like, or a corrosion resistant material used in pump com- 
ponents or the like, which tend to be exposed to acids 

35 and alkalis. The characteristics of silicon carbide, espe- 
cially, high thermal conductance, have resulted in a re- 
cent proposal to use silicon carbide in the table. Addi- 
tionally, the impregnation of metal in opened pores of a 
porous silicon carbide body to produce a silicon carbide- 

40 metal composite having thermal conductance that is su- 
perior to a non-impregnated body has been proposed. 
[0010] A silicon carbide sinter has an advantage in 
that temperature differences do not occur in the sinter 
due to its ability to efficiently transfer heat. Accordingly, 

45 the sinter has high thermal uniformity and thermal re- 
sponse. Further, since thermal stress is not produced 
and base materials resist bending, the shape stability 
increases. 

[001 1 ] However, although the thermal conductivity of 
so the silicon carbide sinter is higher than other ceramic 
sinters, the value of thermal conductivity of a porous 
body is only about 10W/m>K to 70W/m-K. Further, al- 
though the thermal conductivity of the silicon carbide- 
metal composite is higher than a silicon carbide non- 
55 impregnated body, the value of thermal conductivity is 
presently only about 100W/m-Kto 150W/m-K. 
[0012] Accordingly, the heat conductivity must be fur- 
ther increased to produce a superior material having fur- 
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ther thermal uniformity, thermal response, and shape 
stability. Further, if the material is used in the table, the 
thermal conductance must be further increased in the 
same manner to manufacture wafers having larger di- 
ameters and higher quality. 

[0013] When superimposing sheets of base materi- 
als, which are made of silicon carbide-metal composite, 
and bonding the base materials with a resin adhesive, 
a table having a flow passage in the bonding interface 
has the shortcomings described below. 
[0014] In the prior art, an adhesive, the thermal con- 
ductivity of which is low, is used to bond base materials. 
Thus, the adhesive increases the thermal resistance in 
the bonding interface and decreases the thermal con- 
ductivity of the table as a whole. Accordingly, the actual 
thermal uniformity and thermal response are insufficient 
regardless of the employment of the silicon carbide-met- 
al composite that has high thermal conductivity. Further, 
the coefficients of thermal expansion differ significantly 
between the silicon carbide-metal composite and the 
adhesive. Thus, cracking and exfoliation are apt to occur 
at the bonding interface. Accordingly, the table was vul- 
nerable to damage when subjected to a heat cycle, and 
the long-term reliability was low. Further, when using a 
brazing material in lieu of the adhesive to bond base ma- 
terials, the problem of the increased thermal resistance 
may be solved. However, cracking and exfoliation, 
which result from the difference in the coefficients of 
thermal expansion, cannot be prevented. 

DISCLOSURE OF THE INVENTION 

[001 5] It is a first object of the present invention to pro- 
vide a porous silicon carbide body, and a silicon carbide- 
metal composite having superior thermal conductivity, 
thermal response, and shape stability. 
[0016] It is a second object of the present invention to 
provide a method that ensures the manufacturing of 
such optimal sinter and composite. 
[0017] It is a third object of the present invention to 
provide a wafer grinder member and a wafer grinder ta- 
ble that is optimal for manufacturing large diameter, high 
quality wafers. 

[001 8] A first aspect of the present invention is a po- 
rous sinter having a structure formed by silicon carbide 
crystals that includes opened pores. The porous silicon 
carbide sinter has a silicon carbide crystal average grain 
diameter of 20 u/n or greater, a porosity of 40% or less, 
and a thermal conductivity of 80W/m-K or more. 
[001 9] A second aspect of the present invention is a i 
porous sinter having a structure formed by silicon car- 
bide crystals that includes opened pores. The porous 
silicon carbide sinter has a silicon carbide crystal aver- 
age grain diameter of 20u.m to 1 0Ofim, a porosity of 5% 
to 30%, and a thermal conductivity of 80W/m-K or more, t 
[0020] A third aspect of the present invention is a 
method for manufacturing a porous silicon carbide sinter 
having a structure formed by silicon carbide crystals that 



includes opened pores. The porous silicon carbide sin- 
ter has a silicon carbide crystal average grain diameter 
of 20u.m or greater, a porosity of 30% or less, and a ther- 
mal conductivity of 80W/m-K or more. The method in- 

5 eludes adding 1 0 parts by weight to 1 00 parts by weight 
of a fine powder of a silicon carbide having an average 
grain diameter of 0 . 1 ujn to 1 .Op/n to 1 00 parts by weight 
of a rough powder of a silicon carbide having an average 
grain diameter of 5ujti to 100jim and uniformly mixing 

"> the rough powder and the fine powder. A molded prod- 
uct is produced by molding a mixture obtained in the 
mixing step into a predetermined shape. The molded 
product is sintered within a temperature range of 
1 700°C to 2400°C to produce a sinter. 

f5 [0021] A fourth aspect of the present invention is a 
table having a grinding surface for grinding a semicon- 
ductor wafer held on a wafer holding plate. The table 
includes a plurality of bonded base materials, each 
formed from a porous silicon carbide sinter, and a fluid 

*o passage formed in a bonding interface of the base ma- 
terials. 

[0022] A fifth aspect of the present invention is a sili- 
con carbide-metal composite having a porous structure 
formed by silicon carbide crystals that includes opened 

5 pores. The opened pores are impregnated with metal. 
The silicon carbide-metal composite has a silicon car- 
bide crystal average grain diameter of 20u,m or greater, 
a porosity of 30% or less, and a thermal conductivity of 
1 60W/m-K or more. Further, 1 00 parts by weight of sili- 

' con carbide are impregnated with 1 5 parts by weight to 
50 parts by weight of metal. 

[0023] A sixth aspect of the present invention is a sil- 
• icon carbide-metal composite having a porous structure 
formed by silicon carbide crystals that includes opened 

» pores. The opened pores are impregnated with metal. 
The silicon carbide-metal composite has a silicon car- 
bide crystal average grain diameter of 20u,m to 1 QOjim, 
a porosity of 5% to 30%, and a thermal conductivity of 
1 60W/m-K or more. Further, 1 00 parts by weight of sili- 

• con carbide are impregnated with 1 5 parts by weight to 
50 parts by weight of metal. 

[0024] A seventh aspect of the present invention is a 
method for manufacturing a silicon carbide-metal com- 
posite having a porous structure formed by silicon car- 
bide crystals that includes opened pores. 100 parts by 
weight of silicon carbide are impregnated with 15 parts 
by weight to 50 parts by weight of metal in the opened 
pores. The average grain diameter of the silicon carbide 
crystals is 20u.m or greater, the porosity is 30% or less, 
and the thermal conductivity is 1 60W/m-K or more. The 
method includes adding 1 0 parts by weight to 1 00 parts 
by weight of a fine powder of a silicon carbide having 
an average grain diameter of 0.1 [im to 1.0u.m to 100 
parts by weight of a rough powder of a silicon carbide 
having an average grain diameter of 5u.m to 100u.m and 
uniformly mixing the rough powder and the fine powder. 
A mixture is produced in the mixing step into a prede- 
termined shape to produce a molded product. The mold- 
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ed product is sintered within a temperature range of 
1 700°C to 2400*C to produce a sinter. The molded prod- 
uct or the sinter is impregnated with metai. 
[0025] An eighth aspect of the present invention is a 
table having a grinding surface for grinding a semicon- 
ductor wafer held on a wafer holding plate. The table 
includes a plurality of bonded base materials, each 
formed from the silicon carbide-metal, and a fluid pas- 
sage formed in a bonding interface of the base materi- 
als. 

[0026] A ninth aspect of the present invention is a ta- 
ble having a grinding surface for grinding a semiconduc- 
tor wafer held on a wafer holding plate. The table in- 
cludes a plurality of base materials, each of which is a 
ceramic-metal composite formed by impregnating metal 
silicon in opened bores of a porous body made of silicon- 
containing ceramic. A bonding layer is formed from the 
metal silicon to bond the base materials, and a fluid pas- 
sage is formed in a bonding interface of the base mate- 
rials. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

Fig. 1 is a schematic view showing a wafer grinder 
according to a first embodiment of the present in- 
vention. 

Fig. 2 is an enlarged cross-sectional view showing 
the main portion of a table used in the wafer grinder 
of Fig. 1. 

Fig. 3 is an enlarged schematic cross-sectional 
view of the table of Fig. 2. 
Figs. 4A, 4B, and 4C are graphs showing the grit 
distribution of porous silicon carbide sinters that 
form the table of Fig. 2. 

Fig. 5 is an enlarged schematic cross-sectional 
view showing a table according to a second embod- 
iment of the present invention. 
Fig. 6A is an enlarged cross-sectional view showing 
the main portion of a table according to a third em- 
bodiment of the present invention, and Fig. 6B is an 
enlarged schematic cross-sectional view showing 
the table of Fig. 6A. 

Figs. 7A, 7B, and 7C are schematic cross-sectional 
views illustrating a process for manufacturing the 
table of Fig. 6A. 

BEST MODE FOR CARRYING OUT THE INVENTION 
(First Embodiment) 

[0028] A wafer grinder 1 according to a first embodi- 
ment will now be discussed with reference to Figs. 1 to 4. 
[0029] Fig. 1 schematically shows the wafer grinder 1 
of the present embodiment. A table 2, which forms the 
wafer grinder 1, is disk-like. A grinding surface 2a for 
grinding a semiconductor wafer 5 is defined on the top 



surface of the table 2. A grinding cloth (not shown) is 
adhered to the grinding surface 2a. The table 2 of the 
present embodiment does not use a cooling jacket and 
is horizontally and directly fixed to the upper end surface 
5 of a cylindrical rotary shaft 4. Accordingly, rotation of the 
rotary shaft 4 rotates the table 2 integrally with the rotary 
shaft 4. 

[0030] As shown in Fig. 1 , the wafergrinder 1 includes 
a plurality of wafer holding plates 6 (two shown in Fig. 

io 1 to facilitate illustration). The plates 6 may be formed 
from, for example, a ceramic material, such as glass or 
alumina, or a metal material, such as stainless. A pusher 
rod 7 is fixed to the center of one side (non-holding sur- 
face 6b) of each wafer holding plate. Each pusher rod 

is 7 is located above the table 2 and connected to a driving 
means (not shown). Further, each pusher rod 7 horizon- 
tally supports the wafer holding plate 6. In this state, the 
holding surface 6a is opposed to the grinding surface 
2a of the table 2. In addition to rotating integrally with 

20 the wafer holding plate 6, each pusher rod 7 moves ver- 
tically within a predetermined range. Instead of moving 
the plate 6 vertically, a structure that moves the table 2 
vertically may be employed. A semiconductor wafer 5 is 
adhered to the holding surface 6a of the wafer holding 

25 plate 6 by, for example, an adhesive such as thermo- 
plastic wax. The semiconductor wafer 5 may be attract- 
ed to the holding surface 6a by vacuum suction or static 
electricity. In this state, it is required that a ground sur- 
face 5a of the semiconductor wafer 5 face the grinding 

30 surface 2a of the table 2. 

[0031] The structure of the table 2 will now be dis- 
cussed in detail. 

[0032] As shown in Figs. 1 and 2, the table 2 of the 
present embodiment is a superimposed ceramic struc- 

35 ture formed by two base materials 1 1 A, 1 1 B, which are 
made of porous silicon carbide sinter. Grooves 13 ar- 
ranged in a predetermined pattern and defining part of 
a coolant passage 12, which is a fluid passage, are 
formed in the lower surface of the upper base material 

40 1 1 A. The two base materials 1 1 A, 1 1 B are integrally con- 
nected to each other by a silver brazing material layer 
14. This forms the coolant passage 12 in the bonding 
interface of the base materials 11 A, 11 B. Bores 15 are 
formed in the central portion of the lower substrate 1 1 B. 

45 The bores 1 5 connect flow passages 4a, which extend 
through the rotary shaft 4, to the coolant passage 12. 
[0033] The grooves 1 3, which form part of the coolant 
passage 12, are ground grooves that are formed by 
roughly machining the rear surface of the upper base 

so material 11 A and then grinding the rear surface before 
undergoing sintering. It is preferred that the grooves 13 
have a depth of about 3mm to 10mm and a width of 
about 5mm to 20mm. 

[0034] In the present embodiment, the average grain 
55 diameter of the silicon carbide crystals forming a porous 
structure is set at a relatively large value of 20u.m or 
greater. The efficiency of heat transfer within crystals is 
generally higher than the efficiency of heat transfer be- 
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tween crystals. Thus, the thermal conductivity increases 
as the average grain diameter Increases. Further, the 
porosity is set at a small value of 40% or less. This also 
contributes to increasing the thermal conductivity. In 
other words, the gaps in a sinter decrease as the poros- 
ity decreases. This facilitates the transfer of heat. 
[0035] Therefore, the temperature difference in the 
sinter becomes less in comparison to the conventional 
porous body, the thermal conductivity of which is much 
smaller than 80W/m-K. As a result, the sinter has signif- 
icantly high thermal uniformity and thermal response. 
Further, since the production of thermal stress is avoid- 
ed and the base materials resist bending, the sinter has 
extremely high shape stability. 
[0036] In this case, if the average grain diameter of 
the silicon carbide crystal is less than 20^im or if the po- 
rosity exceeds 30%, it Is difficult for the thermal conduc- 
tivity to be a value that is SOW/m-K or higher. Accord- 
ingly, the thermal uniformity, thermal response, and 
shape stability cannot be sufficiently improved. It is re- 
quired that the value of thermal conductivity be 80W/ 
m-K or greater, preferably 100W/m or more, and most 
preferably lOOW/m-K to 180W/m-K. 
[0037] It is preferred that the average grain diameter 
of the silicon carbide crystals be 20u.m to 1 00|im, more 
preferred that the average grain diameter be 30u,m to 
90UJT1, and most preferred that the average grain diam- 
eter be 40uin to 1 Ou/n. When the average grain diame- 
ter becomes excessively large, the gaps increase and 
may decrease the density of the sinter. 
[0038] It is preferred that the opened pore porosity be 
5% to 30%, more preferred that the porosity be 1 0% to 
25%, and most preferred that the porosity be 10% to 
20%. 

[0039] Further, it is preferred that the sinter includes 
10vol/% to 50vol% of fine silicon carbide crystals (here- 
after referred to as fine crystals 21) having an average 
grain diameter of 0. 1 u.m to 1 .Oujti and 50vol% to 90vol% 
of rough silicon carbide crystals (hereafter referred to as 
rough crystals 22) having an average grain diameter of 
25ujti to 65u/n. 

[0040] When the fine crystals 21 and the rough crys- 
tals 22 are included in the sinter at an appropriate ratio 
as described above, the gaps formed between the rough 
crystals 22 tend to be filled with the fine crystals 21 . This 
decreases the actual ratio of the gaps. As a result, the 
thermal resistance of the sinter is further decreased. 
This significantly contributes to improving the thermal 
conductance. 

[0041 ] It is preferred that the average grain diameter • 
of the fine crystals 21 be O.Iujti to 1.0um, more pre- 
ferred that the average grain diameter be 0.1 ujti to 
0.9u.m, and most preferred that the average grain diam- 
eter be 0.1 ujti to 0.7um To make the average grain di- 
ameter of the fine crystals 21 extremely small, expen- i 
sive fine powder must be used. This may increase the 
material cost. On the other hand, if the average grain 
diameter of the fine particles 21 becomes too large, the 



gaps formed between rough crystals 22 cannot by suf- 
ficiently filled. The decrease in the thermal resistance of 
the sinter may thus be insufficient. 
[0042] It is preferred that the sinter include 1 0vol/% to 

5 50vol% of the fine crystals 21 , more preferred that the 
sinter include 15vol% to 40vol% of the fine crystals 21 , 
and most preferred that the sinter include 20vol% to 
40vol% of the fine crystals 21 . If the content ratio of the 
fine crystals 21 is too small, the amount of the fine crys- 

fo tals21 that fill the space formed between the rough crys- 
tals 22 is insufficient. The thermal resistance of the sin- 
ter may thus not be decreased. On the other hand, if the 
content ratio of the fine crystals 21 is too large, the fine 
crystals 21 that fill the gaps is excessive and the amount 

'5 of rough crystals 22 that is required to improve the ther- 
mal conductance is insufficient. This may increases the 
thermal conductance of the sinter. 
[0043] Further, it is preferred that the average grain 
diameter of the rough crystals 22 in the sinter be 25u,m 

?o to 1 50u.m, more preferred that the average grain diam- 
eter be 40nm to 1 00u.m, and most preferred that the av- 
erage grain diameter be 60nm to lOOum When the av- 
erage grain diameter of the rough crystal 22 is extremely 
small, the difference between the grain diameters of the 

•5 rough crystals 22 and the fine crystals 21 is small. As a 
result, the desired thermal resistance decreasing effect 
may not be obtained from the mixture of the fine crystals 
21 and the rough crystals 22. On the other hand, if the 
average grain diameter of the rough crystals 22 is too 

0 large, the gaps formed between the rough crystals are 
large. Thus, even if the amount of fine crystals 21 is suf- 
ficient, the gaps may not be sufficiently filled. Accord- 
ingly, the decrease in the thermal resistance of the sinter 
may be insufficient. 

s [0044] It is preferred that the sinter includes 50vol/% 
to 90vol% of the rough crystals 22, more preferred that 
the sinter includes 60vol% to 85vol% of the rough crys- 
tals 22, and most preferred that the sinter includes 
60vol% to 80vol% of the rough crystals 22. If the content 

' ratio of the rough crystals 22 is too small, the amount of 
the rough crystals 22 required to increase the thermal 
conductivity is too small. This may increase the thermal 
resistance of the sinter. On the other hand, if the content 
ratio of the rough crystals 22 is too large, the content 

1 ration 21 of the fine crystals 21 relatively decreases. 
Thus, the gaps formed between the rough crystals 22 
cannot be filled. Accordingly, the decrease in the ther- 
mal resistance of the sinter may be insufficient. 
[0045] A method for manufacturing the porous silicon 
carbide sinter, which forms the table 2, will now be dis- 
cussed. 

[0046] The porous silicon carbide sinter is manufac- 
tured through a material preparing process, in which fine 
powder is mixed with rough powder at a predetermined 
ratio, a molding process, and a sintering process. 
[0047] In the material preparing process, 1 0 parts by 
weight to 1 00 parts by weight of a fine powder of a silicon 
carbide having an average grain diameter of 0.1 urn to 
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1 .0u.m is uniformly mixed with 1 00 parts by weight of a 
rough powder of a silicon carbide having an average 
grain diameter of 5\im to 100um. 
[0048] It is preferred that the average grain diameter 
of the rough powder of a silicon carbide be 5u/n to 
1 QOujti, more preferred that the average grain diameter 
be 15um to 75u.m, and most preferred that the average 
grain diameter be 25um to 60ujti. If the average grain 
diameter of the a silicon carbide is less than 5\in\, ab- 
normal grain growth may not be effectively suppressed. 
On the other hand, if the average grain diameter of the 
rough powder of a silicon carbide exceeds 60u.m, in ad- 
dition to decreased moldability, the strength of the ob- 
tained porous decreases. 

[00491 It is preferred that the average grain diameter 
of the fine powder of a silicon carbide be 0.1 \w\ to 
1 .0u.m, more preferred that the average grain diameter 
be 0. 1 urn to 0.8|im, and most preferred that the average 
grain diameter be 0.2um to 0.5ujti. If the average grain 
diameter of the a silicon carbide is less than 0.1p.m. it 
becomes difficult to control grain growth and material 
costs inevitably becomes high. On the other hand, if the 
average grain diameter of the a silicon carbide exceeds 
1 .Oujti, it may become difficult to fill the gaps formed be- 
tween the rough crystals 22. The alpha type is selected 
as the fine powder because, compared with the beta 
type, the crystal orientation is improved and the thermal 
conductivity is increased. 

[0050] It is preferred that the mixed amount of the fine 
powder be 10 parts by weight to 100 parts by weight, 
more preferred that the mixed amount be 15 parts by 
weight to 65 parts by weight, and most preferred that 
the mixed amount be 20 parts by weight to 60 parts by 
weight. If the mixed amount of the fine powder is too 
small, the amount of fine crystals 21 that fill the space 
formed between the rough crystals 22 is insufficient. 
Thus, the decrease of the thermal resistance of the sin- 
ter may be insufficient. Further, this results in the neces- 
sity to set the sintering temperature at an extremely high 
temperature to obtain the desired pore diameter of 
20\im or larger and is disadvantageous from the view- 
point of cost. On the other hand, if the mixed amount of 
the fine powder is too large, the amount of the rough 
crystals 22 required to improve thermal conductance is 
insufficient. Thus, the decrease of the thermal resist- 
ance of the sinter may be insufficient. Further, it be- 
comes difficult to manufacture a sinter that has superior 
strength. 

[0051] In the material preparing process, a molding 
binder and a dispersing solvent are mixed with the two 
types of powder as required. These substances are 
mixed and kneaded uniformly and the viscosity is ad- 
justed as required to produce raw slurry. The raw slurry 
may be mixed by means of a vibrating mill, an attriter, a 
ball mill, a colloid mill, a high speed mixer, or the like. 
The mixed raw slurry may be kneaded by means of a, 
for example, a kneader. 

[0052] Polyvinyl alcohol, methyl cellulose, car- 



boxymethyl cellulose, hydroxyethyl cellulose, polyethyl- 
ene glycol, phenol resin, epoxy resin, acrylic resin, or 
the like may be used as the molding binder. It is pre- 
ferred that the content ratio of the molding binder nor- 
5 mally be within the range of 1 part by weight to 1 0 parts 
by weight with respect to a total of 100 parts by weight 
of the silicon carbide powder. If the ratio is less than 1 
part by weight, the strength of the manufactured molding 
product is insufficient, which makes handling difficult. 
io On the other hand, if the ratio exceeds 10 parts by 
weight, cracks may be produced in the molded product 
when eliminating the molding binder through dehydra- 
tion or the like. This would decrease yield. 
[0053] An organic solvent, such as benzene or cy- 
15 clohexene, an alcohol, such as methanol, and water, or 
the like may be used as the dispersing solvent. 
[0054] Then, the raw slurry is used to form granules 
of silicon carbide. To granulate the silicon carbide pow- 
der, a commonly used technique that is known in the art, 
20 such as a mist-dry granulation process (the so-called 
spray-dry process), may be employed. In other words, 
a process that aerifies and quickly dries the raw slurry, 
which is accommodated in a container in a hot state, 
may be employed. 
25 [0055] It is preferred that the granule moisture rate be 
0.1 wt% to 2.0wt% and further preferred that the granule 
moisture rate be 0.2wt% to 1 .0wt%. This is because the 
thermal conductivity increases since the molding prod- 
uct density and the sinter density increase when the 
30 granule moisture rate is in the above range. If the gran- 
ule moisture rate is less than 0.1wt%, the molding prod- 
uct density and the sinter density do not increase suffi- 
ciently. Thus, it becomes difficult for the thermal conduc- 
tivity to increase. On the other hand, if the granule mois- 
35 ture rate exceeds 2.0wt%, the molding product may 
crack during dehydration. This would decrease yield. 
[0056] In the following molding process, the granules, 
which are formed from the mixture obtained in the ma- 
terial preparing process, are molded into a predeter- 
40 mined shape to produce a molded product. 

[0057] In this state, it is preferred that the molding 
pressure be 1.0t/cm 2 to 1.5t/cm 2 , and more preferred 
that the molding pressure be 1 .1t/cm 2 to 1 .4t/cm 2 . This 
is because the thermal conductivity increases since the 
45 molding product groove and sinter density increases. If 
the molding pressure Is less than 1.0t/cm 2 to 1 .5t/cm 2 , 
the molding product density and the sinter density do 
not increase sufficiently. Thus, it becomes difficult for the 
thermal conductivity to increase. On the other hand, if 
so molding is performed by applying a pressure that is 
greater than 1 .5t/cm 2 the molding product density, or 
the like, may be sufficiently increased. However, an ex- 
clusive press would be necessary thus increasing 
equipment costs and complicating manufacturing. 
55 [0058] It is preferred that the density of the molding 
product be 2.0g/cm 3 or more, and especially preferred 
that the density be 2.2g/cm 3 to 2.7g/cm 3 . This is be- 
cause the number of locations where the silicon carbide 
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grains are connected to one another is too small when 
the density of the molded product is too small. As a re- 
sult, the strength of the manufactured porous body de- 
creases and makes it difficult to handle. On the other 
hand, if the density of the molded product is increased, 
an exclusive press becomes necessary thus increasing 
equipment costs and complicating manufacturing. 
[0059] In the following sintering process, the sinter is 
formed by sintering the molded body obtained in the 
molding process in a temperature range of 1 700°C to 
2400°C, preferably in the temperature range of 2000°C 
to 2300*C, and most preferably in the temperature 
range of 2000°C to 2300°C. 

[0060] If the sintering temperature is too low, it is dif- 
ficult for necks, which bond silicon carbide grains to one 
another, to grow sufficiently. Thus, high thermal conduc- 
tivity and high strength may not be obtained. On the oth- 
er hand, if the sintering temperature is too high, thermal 
decomposition of the silicon carbide occurs and de- 
creases the strength of the sinter. In addition, the 
amount of thermal energy used by a sintering furnace 
increases. This is disadvantageous from the viewpoint 
of costs. 

[0061 ] The interior of the sintering furnace during sin- 
tering should be maintained in a gas atmosphere (i.e., 
non-oxidation atmosphere, inert atmosphere) that con- 
tains at least one selected from, for example, argon, he- 
lium, neon, nitrogen, hydrogen, and carbon monoxide. 
The interior of the sintering surface may also be in a 
vacuum state. 

[0062] it is advantageous that volatilization of the sil- 
icon carbide from the molded product be suppressed to 
improve the growth of the necks during sintering. Vola- 
tilization of the silicon carbide from the molded product 
is effectively suppressed by putting the molded body in 
an insulative container that can be sealed from ambient 
air. Graphite or silicon carbide are the preferred material 
for forming the insulative container. 
[0063] By performing each of the above steps, the 
manufacturing of a porous silicon carbide sinter having 
superior thermal conductivity, thermal response, and 
shape stability is guaranteed. 

[0064] Referential examples specifically employing 
the present embodiment will now be discussed. 

[Referential Example 1-1] 

[0065] In referential example 1-1, a rough powder 
(#400) of a silicon carbide having an average grain di- 
ameter of 30u.m and a fine powder (GMF-15H2) of a * 
silicon carbide having an average grain diameter of 
0.3u/n were prepared. Then, 30 parts by weight of the 
fine powder was added to 100 parts by weight of the 
rough powder and uniformly mixed. 
[0066] Then , 5 parts by weight of polyvinyl alcohol and * 
50 parts by weight of water were added to 1 00 parts by 
weight of the mixture and mixed in a ball mill for five 
hours to obtain a uniform mixture. After drying the mix- 



ture for a predetermined time to eliminate a certain 
amount of moisture, an appropriate amount of the dried 
mixture was granulated. In this state, the moisture rate 
of the granules was adjusted to about 0.8wt%. Subse- 
5 quently, the granules of the mixture were molded by a 
metal mold by applying a pressure of 1 .3t/cm 2 . The disk- 
like molded product (50mmO, 5mmt) had a density of 
2.6g/cm 3 . 

[0067] Then, the lower surface of the molded product, 
io which was subsequently formed into the upper base ma- 
terial 11 A, was ground to form the grooves 13, which 
have a depth of 5mm and a width of 1 0mm, on the entire 
lower surface. 

[0068] The molded product was then put into a cruci- 
15 ble and sintered with a Tammann sintering furnace. The 
sintering was performed in an argon gas atmosphere of 
one atmosphere. During the sintering, the temperature 
was raised to 2200*C at a temperature rising rate of 
10°C/min and maintained at this temperature for four 
20 hours. 

[0069] In the manufactured base materials 1 1 A, 1 1 B, 
which were made of porous silicon carbide sinter, the 
porosity of the opened pores 23 was 20%, the thermal 
conductivity was 130W/m-K, and the density was 2.5g/ 

25 cm 3 . Further, the average grain diameter of the silicon 
carbide crystals was 30um More specifically, the base 
materials 1 1 A, 1 1 B included 20vol% of the fine crystals 
21 having an average grain diameter of 1 .Oum and 
80vol% of the rough crystals'22 having an average grain 

30 diameter of 40um The graph of Fig. 4C shows the grit 
distribution of the sinter of referential example 1-1 . 
[0070] A shaping process was then performed using 
a technique known in the art. Afterward, the two base 
materials 11 A, 11 B were integrally bonded with each 

35 other using a silver brazing material. Further, the upper 
surface of the upper base material 11 A was ground to 
complete the table 2. 

[0071] The table 2 of the referential example 1-1 that 
was manufactured in this manner was set on various 

w types of the grinder 1 and the semiconductor wafers 5 
of varied sizes were ground while constantly circulating 
the cooling water W in the coolant passage 1 2. The sem- 
iconductor wafers 5, which were ground by the various 
types of the grinder 1, were observed. There was no 

5 damage to the wafers 5 regardless of size. Further, the 
wafers 5 were not bent. In other words, it was confirmed 
that the semiconductor wafers 5 having very large di- 
ameters and high quality were manufactured when us- 
ing the table 2 of this referential example. 

3 [0072] Fig. 3 is an enlarged schematic cross-sectional 
view showing the table 2 of referential example 1 -1 . The 
porous silicon carbide sinter forming the table 2 includes 
the fine crystals 21 and the rough crystals 22. The gaps 
formed between the rough crystals 22 are substantially 

> filled with the fine crystals 21 . Accordingly, it can be con- 
sidered that the actual ratio of the gaps, or the porosity 
of the opened pores 23 is very small. 
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[Referential Example 1-2] 

[0073] In referential example 1-2, a rough powder 
(#360) of a silicon carbide having an average grain di- 
ameter of 35um was used, and 30 parts by weight of 
fine powder was added to 1 00 parts by weight of rough 
powder and uniformly mixed. The other conditions were 
basically the same as referential example 1 -1 . 
[0074] As a result, in the manufactured base materials 
11 A, 11B, which were made of porous silicon carbide 
sinter, the porosity of the opened pores 23 was 1 7%, the 
thermal conductivity was 145W/m.K, and the density 
was 2.55g/cm 3 . Further, the average grain diameter of 
the silicon carbide crystals was 35um More specifically, 
the base materials 1 1 A, 1 1 B included 20vol% of the fine 
crystals 21 having an average grain diameter of 1 .Oum 
and 80vol% of the rough crystals 22 having an average 
grain diameter of 45u/n. The graph of Fig. 4B shows the 
grit distribution of the sinter of referential example 1-2. 
[0075] After completing the table 2 through the same 
procedure as referential example 1 , the table 2 was set 
on the various types of the grinder 1 and the semicon- 
ductor wafers 5 of various sizes were ground. Like ref- 
erential example 1-1, excellent results were obtained. 

[Referential Example 1-3] 

[0076] In referential example 1-3, a rough powder 
(#240) of a silicon carbide having an average grain di- 
ameter of 57u.m was used, and 30 parts by weight of 
fine powder was added to 100 parts by weight of the 
rough powder and uniformly mixed. The other condi- 
tions were basically the same as referential example 
1-1. 

[0077] As a result, in the manufactured base materials 
11 A, 11B, which were made of porous silicon carbide 
sinter, the porosity of the opened pores 23 was 1 5%, the 
thermal conductivity was 150W/m«K, and the density 
was 2.6g/cm 3 . Further, the average grain diameter of 
the silicon carbide crystals was 65u,m. More specifically, 
the base materials 1 1 A, 1 1 B included 20vol% of the fine 
crystals 21 having an average grain diameter of 1 .Ou.m 
and 80voi% of the rough crystals 22 having an average 
grain diameter of 80u/n. The graph of Fig. 4A shows the 
grit distribution of the sinter of referential example 1-3. 
[0078] After completing the table 2 through the same 
procedure as referential example 1 , the table 2 was set 
on the various types of the grinder 1 and the semicon- 
ductor wafers 5 of various sizes were ground. Like ref- 
erential example 1 -1 , excellent results were obtained. 

[Comparative Example 1] 

[0079] In comparative example 1 , a rough powder of 
a silicon carbide having an average grain diameter of 
10u,m was used, and 45 parts by weight of fine powder 
having an average grain diameter of 0.7u,m was added 
to 1 00 parts by weight of the rough powder and uniformly 



mixed. The other conditions were basically the same as 
those of referential example 1-1. 
[0080] Then, 5 parts by weight of polyvinyl alcohol and 
50 parts by weight of water was added to 1 00 parts by 

5 weight of the mixture and mixed in a ball mill for five 
hours to obtain a uniform mixture. After drying the mix- 
ture for a predetermined time to eliminate a certain 
amount of moisture, an appropriate amount of the dried 
mixture was granulated. Subsequently, the granules of 

10 the mixture were molded by a metal mold by applying a 
pressure of 0.6t/cm 2 . The disk-like molded product had 
a density of 2.0g/cm 3 . 

[0081 ] Then , the lower surface of the molded product, 
which was subsequently formed into the upper base ma- 
's terial 11A, was ground to form the grooves 13, which 
have a depth of 5mm and a width of 1 0mm, on substan- 
tially the entire lower surface. 
[0082] The molded product was then put into a graph- 
ite crucible that seals out ambient air and sintered in a 
20 Tammann sintering furnace. The sintering was per- 
formed in an argon gas atmosphere of one atmosphere. 
During the sintering, the temperature was raised to 
1700°C at a temperature rising rate of 10°C/min and 
maintained at this temperature for four hours. 
25 [0083] As a result, in the manufactured base materials 
11 A, 11 B, which were made of porous silicon carbide 
sinter, the porosity of the opened pores 23 was 38%, the 
thermal conductivity was 50W/m«K, and the density was 
2.0g/cm 3 . Further, the average grain diameter of the sil- 
30 icon carbide crystals was 1 0p.m. 

[0084] Each of the referential examples in the present 
embodiment has the advantages described below. 

(1) In the porous silicon carbide sinter that forms the 
35 table 2 in each of the referential examples, the av- 
erage grain diameter of the silicon carbide crystals 
is 20uxn to IOOujti, the porosity is 5% to 30%, and 
the thermal conductivity is 80W/m-K or greater. Fur- 
ther, each of the sinters include 10vol% to 50vol% 

40 of the fine crystals 21 having an average grain di- 
ameter of 0.1 u.m to 1 .Oujn and 50vol% to 90vol% of 
the rough crystals 22 having an average grain di- 
ameter of 25um to 65uin. 

Thus, the value of the thermal conductivity ex- 

45 ceeds 1 00W/m-K and the table 2 has very high ther- 
mal conductance. Thus, the temperature difference 
in the sinter is smaller than the conventional prod- 
ucts. As a result, the sinter has very high thermal 
uniformity and thermal response. Further, the pro- 

50 duction of thermal stress is avoided and the base 
materials 11 A, 11 B resist bending. Thus, the shape 
stability of the sinter is extremely high. Further, this 
enables the wafers 5 to have larger diameters and 
high quality. 

55 

(2) In the table 2, the cooling water W flows through 
the coolant passage 12, which is arranged in the 
bonding interface of the base materials 11 A, 11 B. 
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Thus, the heat produced when grinding the semi- 
conductor wafers 5 is directly and efficiently re- 
leased from the table 2. In addition, fine control of 
the temperature is enabled, Thus, compared with a 
conventional apparatus that arranges a cooling 
jacket on the table to perform indirect cooling, the 
temperature difference in the table 2 is very small 
and the thermal uniformity and thermal response 
are improved drastically. Thus, the wafers 5 do not 
affect the apparatus 1 in an undesirable mannerand 
enlargement of the diameters of the wafers 5 is en- 
abled. In addition, since the wafers 5 are ground 
with high accuracy, the quality of the wafers 5 is 
high. 

[0085] The present embodiment may be modified as 
described below. 

[0086] In addition to a metal bonding material such as 
a brazing material, the base materials 1 1 A, 1 1 B may be 
bonded with each other by a resin adhesive (e.g., epoxy 
resin). 

[0087] The base materials 1 1 A, 1 1 B do not necessar- 
ily have to bond by the brazing material layer 14. For 
example, the base materials 1 1 A, 1 1 B may be fastened 
to each other by nuts and bolts. 
[0088] In the present embodiment, the table 2 may 
have a three-layer structure instead of the two-layer 
structure. A table may also have a superimposed struc- 
ture with four or more layers. 

[0089] Instead of forming the grooves 13 only in the 
upper base material 1 1 A, the grooves 1 3 may be formed 
only in the lower base material 11 B. Alternatively, the 
grooves 13 may be formed in both base materials 11 A 
11B. 

[0090] When using the table 2 of the present embod- 
iment, a liquid other than water may be circulated in the 
coolant passage 12. Further, a gas may also be circu- 
lated. 

[0091] In addition to the table 2 of the wafer grinder, 
the porous silicon carbide sinter according to the 
present invention may be employed in a member other 
than the table (e.g., wafer top plate). Of course, the ap- 
plication of the present invention is not restricted to an 
element that forms a semiconductor manufacturing ap- 
paratus such as the wafer grinder table 2. For example, - 
the sinter may be used in a heat radiating body of a sub- 
strate to which electronic components are connected. 
Further, the sinter may of course be used as an abrasion 
resistant material for mechanical seals, bearings, or the 
like, a fireproof material for high temperature furnaces, s 
a heat resistant structural material for heat exchangers, 
combustions pipes, or the like, and a corrosion resistant 
material for pumps or the like. 

(Second Embodiment) 5 

[0092] A table 2 according to a second embodiment 
will now be described with reference to Fig. 5. Parts that 



are the same as the first embodiment will not be de- 
scribed in detail. 

[0093] In the silicon carbide-metal composite of the 
present embodiment, the average grain diameter of the 

? silicon carbide crystals is 20u.m or greater, the porosity 
is 30% or less, and the thermal conductivity is 160W/ 
m-K or greater. Further, 100 parts by weight of silicon 
carbide is impregnated with 15 parts by weight to 50 
parts by weight of metal. 

o [0094] The average grain diameter of the silicon car- 
bide crystals forming the porous structure is a relatively 
large value that is 20u,m or greater The efficiency of heat 
transfer within crystals is generally higher than the effi- 
ciency of heat transfer between crystals. Thus, the ther- 

5 mal conductivity increases as the average grain diame- 
ter increases. Further, the porosity is set at a small value 
of 30% or less. This also contributes to increasing the 
thermal conductivity. In other words, the gaps in the po- 
rous structure decrease as the porosity decreases. This 

> facilitates the transfer of heat. The impregnation of 1 00 
parts by weight of silicon carbide with 1 5 parts by weight 
to 50 parts by weight of metal improves the thermal con- 
ductivity. 

[0095] Further, in comparison to a conventional com- 
: posite having thermal conductivity that is much lower 
than 1 60W/m.K, the temperature difference in the com- 
posite is small. As a result, the composite has high ther- 
mal uniformity and thermal response. Further, since 
thermal stress is not produced and the base materials 
1 1 A, 1 1 B resist bending, the shape stability of the com- 
posite increases. 

[0096] In this case, if the average grain diameter of 
the silicon carbide crystals is less than 20u,m or the po- 
rosity exceeds 30%, it is difficult for the thermal conduc- 
tivity to have a large value of 1 60W/m-K or greater even 
if impregnation is performed. Accordingly, the thermal 
uniformity, thermal response, and shape stability are not 
sufficiently improved. It is required that the value of ther- 
mal conductivity be 1 60W/m-K or greater, preferably 
180W/m-K to 280W/m.K, and most preferably 200W/ 
m-K to 260W/m-K. 

[0097] In the present embodiment, it is required that 
100 parts by weight of silicon carbide be impregnated 
with 15 parts by weight to 50 parts by weight of metal. 
By performing metal impregnation, the opened pores 23 
in the sinter are filled with metal. This virtually forms a 
dense body and increases the thermal conductivity and 
strength. 

[0098] It is preferred that metal silicon 24 be selected 
as the impregnation metal. The metal silicon 24 adapts 
well to silicon carbide and has a high thermal conduc- 
tivity. Thus, 'by filling the opened pores in the sinter with 
the metal silicon 24, an improvement in the thermal con- 
ductance and strength is guaranteed. 
[0099] In this case, it is preferred that 100 parts by 
weight of silicon carbide be impregnated with 15 to 45 
parts by weight of the metal silicon 24, and further pre- 
ferred that the silicon carbide be impregnated with 15 to 
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30 parts by weight of the metal silicon 24. If the impreg- 
nated amount is less than 15 parts by weight, the ther- 
mal resistance of the composite may not be decreased. 
On the other hand, if the impregnated amount exceeds 
30 parts by weight, the proportion of the crystal may rel- 
atively decrease and, in some cases, decrease thermal 
conductivity. 

[0100] When selecting a material other than metal sil- 
icon 24 such as metal aluminum, 1 00 parts by weight of 
silicon carbide may be impregnated with 20 to 50 parts 
by weight of the metal aluminum. If the impregnated 
amount is not included in the above range, the thermal 
conductivity may decrease. 

[0101 ] A method for manufacturing the porous silicon 
carbide sinter, which forms the table 2, will now be dis- 
cussed. 

[0102] The porous silicon carbide sinter of this em- 
bodiment is manufactured through a material preparing 
process, in which fine powder is mixed with rough pow- 
der at a predetermined ratio, a molding process, a sin- 
tering process, and a metal impregnating process. The 
metal impregnating process may be performed either 
before or after the sintering process. The material pre- 
paring process, the molding process, and the sintering 
process have been described in the first embodiment 
and will thus not be discussed below. 
[0103] In a metal impregnating process that is per- 
formed after the sintering process, metal is impregnated 
in the sinter (i.e., non-impregnated composite) as de- 
scribed below. 

[0104] For example, when impregnating the metal sil- 
icon 24, it is preferred that the sinter be impregnated 
with a carbonaceous substance beforehand. Such a 
carbonaceous substance includes an organic sub- 
stance, such as furfural resin, phenol resin, lignin sul- 
fonic acid, polyvinyl alcohol, cornstarch , molasses, coal- 
tar pitch, and alginate. Pyrolitic carbon such as carbon 
black and acetylene may also be used. 
[01 05] A carbonaceous substance is impregnated be- 
forehand because it forms a new silicon carbide film on 
the surface of the opened pores 23 of the sinter and 
strengthens the bonding between the molten silicon and 
the porous body. Further, the impregnation of the car- 
bonaceous substance increases the strength of the sin- 
ter. 

[01 06] The metal silicon 24 may be filled in the opened 
pores 23, for example, by heating and melting the metal 
silicon 24 and impregnating the melted silicon. Further, 
fine grains of the metal silicon 24 may be dispersed in 
a dispersion liquid. Then, a porous body may be impreg- 
nated with the dispersion liquid and heated to a metal 
silicon melting temperature or higher. 
[0107] The metal impregnating process may be per- 
formed on a molded product, or before the sintering 
process. This would save power and thus decrease cost 
although the quality of the obtained product would slight- 
ly deteriorate. 

[0108] A few referential examples specifically em- 
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ploying the present embodiment will now be discussed. 
[Referential Example 2-1] 

5 [0109] In referential example 2-1, a rough powder 
(#400) of a silicon carbide having an average grain di- 
ameter of 30um and a fine powder (GMF-15H2) of a 
silicon carbide having an average grain diameter of 
0.3u,m were prepared. Then, 30 parts by weight of the 
10 fine powder was added to 100 parts by weight of the 
rough powder and uniformly mixed. 
[0110] Then, 5 parts by weight of polyvinyl alcohol, 3 
parts by weight of phenolic resin, and 50 parts by weight 
of water were added to 100 parts by weight of the mix- 
's ture and mixed in a ball mill for five hours to obtain a 
uniform mixture. After drying the mixture for a predeter- 
mined time to eliminate a certain amount of moisture, 
an appropriate amount of the dried mixture was granu- 
lated. In this state, the moisture rate of the granules was 
20 adjusted to about 0.8wt%. Subsequently, the granules 
of the mixture were molded by a metal mold by applying 
a pressure of 1 .3t/cm 2 . The disk-like molded product 
(50mmO, 5mmt) had a density of 2.6g/cm 3 . 
[0111] Then, the lower surface of the molded product, 
25 which was subsequently formed into the upper base ma- 
terial 11 A, was ground to form the grooves 13, which 
have a depth of 5mm and a width of 1 0mm, on the entire 
lower surface. 

[0112] The molded product was then put into a graph- 

30 ite crucible and sintered with a Tammann sintering fur- 
nace. The sintering was performed in an argon gas at- 
mosphere of one atmosphere. During the sintering, the 
temperature was raised to 2200°C at a temperature ris- 
ing rate of 10°C/min and maintained at this temperature 

35 for four hours. 

[0113] The produced porous sinter was vacuum im- 
pregnated with phenolic resin (carbonization rate 
30wt%) and then dried. Subsequently, the surface of the 
porous sinter was coated with slurry including the metal 

40 silicon 24. The mixture of 1 00 parts by weight of metal 
silicon powder, which had an average grain diameter of 
20u.m and a purity of 99.9999wt%, and 60 parts by 
weight of 5% acrylic acid ester benzene solution was 
used as the slurry. The porous sinter coated with metal 

45 silicon 24 was then heated in an argon gas current at a 
temperature rising rate of 450°C/hour and maintained 
at the maximum temperature of 1450°C for about one 
hour. This treatment impregnated the porous sinter with 
metal silicon and produced a silicon carbide-metal com- 

so posite. The impregnation amount of the metal silicon 24 
relative to 1 00 parts by weight of silicon carbide was 30 
parts by weight. 

[0114] In the manufactured base materials 11 A, 11 B, 
which were made of a silicon carbide-metal composite, 
55 the porosity of opened pores 23 in the porous structure 
was 20%, the thermal conductivity as a whole was 
210VWnvK, and the density as a whole was 3.0g/cm 3 . 
Further, the average grain diameter of the silicon car- 
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bide crystals was 30um More specifically, the base ma- 
terials 11 A, 118 included 20vol% of the fine crystals 21 
having an average grain diameter of 1 .0u.m and 80vol% 
of the rough crystals 22 having an average grain diam- 
eter of 40jim. The graph of Fig. 4C shows the grit distri- 
bution in referential example 2-1 . 
(01 15] A shaping process was then performed using 
a technique known in the art. Afterward, the two base 
materials 11 A, 1 1 B were integrally bonded with each 
other using a silver brazing material. Further, the upper 
surface of the upper base material 11 A was ground to 
complete the table 2. 

[0116] The table 2 of the example 2-1 that was man- 
ufactured in this manner was set on various types of the 
grinder 1 and the semiconductor wafers 5 of varied sizes 
were ground while constantly circulating the cooling wa- 
ter W in the coolant passage 1 2. The semiconductor wa- 
fers 5, which were ground by the various types of the 
grinder 1 , were observed. There were no damages to 
the wafers 5 regardless of size. Further, the wafers 5 
were not bent. In other words, it was confirmed that the 
semiconductor wafers 5 having very large diameters 
and high quality were manufactured when using the ta- 
ble 2 of this referential example. 
[01 1 7] Fig. 5 is an enlarged schematic cross-sectional 
view showing the table 2 of referential example 2-1 . The 
silicon carbide-metal composite forming the table 2 in- 
cludes the fine crystals 21 and the rough crystals 22. 
The gaps formed between the rough crystals 22 are sub- 
stantially filled with the fine crystals 21. Accordingly, it 
can be considered that the actual ratio of the gaps, or 
the porosity of the opened pores 23, is very small. In 
addition, the metal silicon 24 is embedded in the remain- 
ing gaps. 



[Referential Example 2-2] 

[0118] In referential example 2-2, a rough powder 
(#360) of a silicon carbide having an average grain di- 
ameter of 35u.m was used, and 40 parts by weight of 
fine powder was added to 100 parts by weight of the 
rough powder and uniformly mixed. The other condi- 
tions were basically the same as referential example 
2-1. 

[01 19] As a result, in the manufactured base materials 
11 A, 11 B, which were made of silicon carbide-metal 
composite, the porosity of the opened pores of the po- 
rous structure was 17%, the entire thermal conductivity 
was 220W/m-K, and the density was 3.0g/cm 3 . Further, 
the average grain diameter of the silicon carbide crystals 
was 36u,m. More specifically, the base materials 11 A, 
11B included 20vol% of the fine crystals 21 having an 
average grain diameter of LOu.m and 80vol% of the 
rough crystals 22 having an average grain diameter of 
45um The graph of Fig. 4B shows the grit distribution 
of the sinter of referential example 2-2. 
[01 20] After completing the table 2 through the same 
procedure as referential example 2-1 , the table 2 was 



set on the various types of the grinder 1 and the semi- 
conductor wafers 5 of various sizes were ground. Like 
referential example 2-1 , excellent results were obtained. 

s [Referential Example 2-3] 

[0121] In referential example 2-3, a rough powder 
(#240) of a silicon carbide having an average grain di- 
ameter of 57ujti was used, and 40 parts by weight of 
io fine powder was added to 100 parts by weight of the 
rough powder and uniformly mixed. The other condi- 
tions were basically the same as referential example 
2-1. 

[01 22] As a result, in the manufactured base materials 
15 11 A, 11B, which were made of silicon carbide-metal 
composite, the porosity of the opened pores 23 was 
15%, the thermal conductivity was 230W/m-K, and the 
density was 3.1g/cm 3 . Further, the average grain diam- 
eter of the silicon carbide crystals was 65u,m. More spe- 

20 cifically, the base materials 11 A, 11 B included 20vol% 
of the fine crystals 21 having an average grain diameter 
of 1 .Oujti and 80vol% of the rough crystals 22 having an 
average grain diameter of 80u,m. The graph of Fig. 4A 
shows the grit distribution of the sinter of referential ex- 

25 ample 2-3. 

[01 23] After completing the table 2 through the same 
procedure as referential example 2-1 , the table 2 was 
set on the various types of the grinder 1 and the semi- 
conductor wafers 5 of various sizes were ground. Like 

30 referential example 2-1 , excellent results were obtained. 

[Comparative Example 2] 



[0124] In comparative example 2, a rough powder of 
35 a silicon carbide having an average grain diameter of 
1 0u/n was used, and 45 parts by weight of fine powder 
having an average grain diameter of 0.7um was added 
to 1 00 parts by weight of the rough powder and uniformly 
mixed. The other conditions were basically the same as 
40 referential example 1 -1 . 

[01 25] Then, 5 parts by weight of polyvinyl alcohol and 
50 parts by weight of water was added to 1 00 parts by 
weight of the mixture and mixed in a ball mill for five 
hours to obtain a uniform mixture. After drying the mix- 
45 ture for a predetermined time to eliminate a certain 
amount of moisture, an appropriate amount of the dried 
mixture was granulated. Subsequently, the granules of 
the mixture were molded by a metal mold by applying a 
pressure of 0.6t/cm 2 . The disk-like molded product had 
so a density of 2.0g/cm 3 . Then, the metal silicon 24 was 
impregnated under the same conditions as referential 
example 1-1. 

[0126] Then, the lower surface of the molded product, 
which was subsequently formed into the upper base ma- 
55 terial 11 A, was ground to form the grooves 13, which 
have a depth of 5mm and a width of 10mm, on substan- 
tially the entire lower surface. 
[0127] The molded product was then put into a graph- 
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ite crucible that seals out ambient air and sintered in a 
Tammann sintering furnace. The sintering was per- 
formed in an argon gas atmosphere of one atmosphere. 
During the sintering, the temperature was raised to 
1700*C at a temperature rising rate of 10°C/min and 
maintained at this temperature for four hours. 
[01 28] As a result, in the manufactured base materials 
11 A, 11 B, which were made of silicon carbide-metal 
composite, the porosity of the opened pores 23 was 
38%, the thermal conductivity was 130W/m-K, and the 
density was 2.8g/cm 3 . Further, the average grain diam- 
eter of the silicon carbide crystals was 10ujn. 
[01 29] Each of the referential examples in the present 
embodiment has the advantages described below. 

(1) In the composite that forms the table 2 in each 
of the referential examples, the average grain diam- 
eter of the silicon carbide crystals is 20nm to 
100u.m, the porosity of the porous structure is 5% 
to 30%, and the thermal conductivity as a whole is 
160W/m-K or greater. Further, 100 parts by weight 
of silicon carbide is impregnated with 15 parts by 
weight to 45 parts by weight of the metal silicon 24. 

In addition, each of the composites include 
1 0vol% to 50vol% of fine crystals having an average 
grain diameter of O.Iujti to 1.0pjn and 50vol% to 
90vol% of rough crystals having an average grain 
diameter of 25u,m to 150u/n. 

Thus, the value of the thermal conductivity ex- 
ceeds 1 60W/nvK and the table 2 has very high ther- 
mal conductance. Thus, the temperature difference 
in the composite is smaller than the conventional 
products. As a result, the composite has very high 
thermal uniformity and thermal response. Further, 
the production of thermal stress is avoided and the 
base materials 11 A, 11 B resist bending. Thus, the 
shape stability of the composite is extremely high. 
Further, this enables the wafers 5 to have larger di- 
ameters and high quality. 

(2) In the table 2, the cooling water W flows through 
the coolant passage 12, which is arranged in the 
bonding interface of the base materials 11 A, 11B. 
Thus, the heat produced when grinding the semi- 
conductor wafers 5 is directly and efficiently re- 
leased from the table 2. In addition, fine control of 
the temperature is enabled. Thus, compared with a 
conventional apparatus that arranges a cooling 
jacket on the table to perform indirect cooling, the 
temperature difference in the table 2 is very small 
and the thermal uniformity and thermal response 
are improved drastically. Thus, the wafers 5 do not 
affect the apparatus 1 in an undesirable manner and 
enlargement of the diameters of the wafers 5 is pos- 
sible, in addition, since the wafers 5 are ground with 
high accuracy, the quality of the wafers 5 is high. 

[0130] The present embodiment may be modified as 



described below. 

[0131] The impregnation metal impregnated in the 
sinter is not limited to the metal silicon 24, which is em- 
ployed in this embodiment. Impregnation may be per- 
5 formed using a conductive metal material, such as alu- 
minum, gold, silver, copper, or titanium. 

(Third Embodiment) 

10 [0132] A table 2 according to a third embodiment will 
now be described with reference to Figs. 6 and 7. Parts 
that are the same as the above embodiments will not be 
described in detail. 

[0133] In the table 2 of this embodiment, silicon car- 
's bide-metal composites 1 8 are adhered to each other by 
means of a bonding layer 31 , which is made of metal 
silicon 24, and not the brazing material layer 14. 
[01 34] The difference in coefficient of thermal expan- 
sion between silicon carbide-metal composites 18 and 
20 the adhering layer 31 , which is made of the metal silicon 
24, is extremely small. This structure prevents the for- 
mation of cracks and exfoliation in the bonding interface. 
Thus, the composites 18 resists being damaged when 
subjected to a heat cycle and has superior long-term re- 
25 liability. Further, the thermal conductivity of the metal sil- 
icon 24 is much higher than a typical adhesive. Thus, 
the metal silicon 24 does not increase thermal resist- 
ance in the bonding interface. Accordingly, the compos- 
ites 18 have superior thermal conductivity. 
30 [01 35] It is preferred that the thickness of the bonding 
layer 31 , which is made of metal silicon 24, be 10u,m to 
ISOOmu,, and further preferred that the thickness be 
100u,m to 1 500mu.. This is because if the thickness of 
the bonding layer 31 is less than 10u,m, the bonding 
35 strength may be insufficient. On the other hand, if the 
thickness of the bonding layer 31 is greater than 
1500pjn, it becomes difficult to set the conditions of im- 
pregnation such as temperature and time. This may 
cause the bonding to become difficult. 
40 [01 36] The reason for selecting metal silicon 24 as the 
impregnation metal is because metal silicon 24 easily 
adapts to silicon carbide and has high thermal conduc- 
tivity. Thus, charging the metal silicon 24 in opened 
pores 23 of porous bodies 1 7 increases the thermal con- 
45 ductivity and strength. Further, unlike a resin material 
such as an adhesive, the coefficient of thermal expan- 
sion of the metal silicon 24 is approximate to silicon car- 
bide. Thus, the metal silicon 24 is optimal for use as the 
material of the bonding layer 31 . 
so [0137] The procedure for manufacturing the table 2 
will now be discussed with reference to Fig. 3. 
[0138] The silicon carbide porous body 1 7 is manu- 
factured through a material preparing process, in which 
fine powder is mixed with rough powder at a predeter- 
55 mined ratio, a molding process, a sintering process, and 
a metal impregnating/base material bonding process. 
The material preparing process, the molding process, 
and the sintering process have already been described 
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in detail in the above embodiments and thus will not be 
discussed below. 

[0139] In the metal impregnating/base material bond- 
ing process that follows the sintering process, the non- 
impregnated porous bodies 1 7 are impregnated with the 
metal silicon 24 in the manner described below. When 
impregnating the metal silicon 24, it is preferred that the 
porous bodies 1 7 be impregnated with a carbonaceous 
substance. 

[0140] First, multiple sheets of the porous bodies 1 7 
are superimposed. Then, solid metal silicon 24 is placed 
on the uppermost portion of the superimposure (refer to 
Figs. 7A and B). In this embodiment, the solid metal sil- 
icon 24 is block-like. However, the metal silicon 24 may 
be powder-like, grain-like, or sheet like. Further, paste- 
like silicon 24 may be used in lieu of the solid metal sil- 
icon 24 and may be applied to the uppermost portion of 
the superimposure structure. 

[0141] Then, the superimposure is set in a furnace 
and heated for a predetermined time at a predetermined 
temperature (refer to Fig. 7C). As a result, the solid or 
paste-like metal silicon 24 melts and falls through and 
out of the opened pores 23 of the porous bodies 1 7. This 
impregnates the metal silicon 24 In the porous bodies 
1 7 and produces the desired silicon carbide-metal com- 
posites 18. Simultaneously, the bonding layer 31, which 
is made of metal silicon 24, bonds the composites 1 8 to 
one another. 

[0142] It is preferred that the heating temperature be 
set at 1500°C to 2000°C. This is because if the temper- 
ature is lower than 1500°C, the metal silicon 24 does 
not completely melt and flow down. This may produce 
non-impregnation portions In the composites 18 or non- 
bonded portions in the bonding interface. On the other 
hand, if the temperature is higher than 2000°C, the met- 
al silicon 24 vaporizes (sublimates). This may cause the 
amount of metal silicon 24 in the bonding interface to be 
insufficient and thus decrease the bonding strength. 
Further, since heat energy is wasted during the heating, 
economic efficiency and productivity may decrease. 
[0143] It is preferred that the heating time be one hour 
or longer. This is because if the heating time is less than 
one hour, non-impregnated portions may be produced 
in the composites 18 and non-bonded portions may be 
produced in the bonding interface. 
[0144] It is preferred that the superimposure be heat- 
ed in astate In which pressure is reduced, and especial- 
ly, under the condition of 5torr or less. This is because 
in a state in which the pressure is reduced, the air in the 
porous bodies 1 7 is easily released from the opened 
pores. This enables smooth impregnation of the metal 
silicon 24. Further, by producing an environment in 
which the amount of oxygen is small, oxidation of the 
metal silicon 24 is prevented. 
[0145] A few referential examples specifically em- 
ploying the present embodiment will now be discussed. 



[Referential Example 3-1 ] 

[0146] In referential example 3-1, a rough powder 
(#400) of a silicon carbide having an average grain di- 

5 ameter of 30jim and a fine powder (GMF-15H2) of a 
silicon carbide having an average grain diameter of 
0.3u.m were prepared. Then, 30 parts by weight of the 
fine powder was added to 100 parts by weight of the 
rough powder and uniformly mixed. 

0 [01 47] Then, 5 parts by weight of polyvinyl alcohol, 3 
parts by weight of phenolic resin, and 50 parts by weight 
of water were added to 100 parts by weight of the mix- 
ture and mixed in a ball mill for five hours to obtain a 
uniform mixture. After drying the mixture for a predeter- 

5 mined time to eliminate a certain amount of moisture, 
an appropriate amount of the dried mixture was granu- 
lated. In this state, the moisture rate of the granules was 
adjusted to about 0.8wt%. Subsequently, the granules 
of the mixture were molded by a metal mold by applying 

> a pressure of 1.3t/cm 2 . The disk-like molded product 
(SOmmO, 5mmt) had a density of 2.6g/cm 3 . 
[01 48] Then, the lower surface of the molded product, 
which was subsequently formed into the upper base ma- 
terial 11 A, was ground to form the grooves 13, which 

; have a depth of 5mm and a width of 1 0mm, on the entire 
lower surface. 

[0149] The molded product was then put into a graph- 
ite crucible and sintered with a Tammann sintering fur- 
nace. The sintering was performed in an argon gas at- 
mosphere of one atmosphere. During the sintering, the 
temperature was raised to 2200°C at a temperature ris- 
ing rate of 1 0°C/min and maintained at this temperature 
for four hours. 

[0150] In the following metal impregnating/base ma- 
terial bonding process, the produced porous sinter was 
vacuum impregnated with phenolic resin (carbonization 
rate 30wt%) and then dried. Subsequently, two sheets 
of the porous bodies 1 7 were superimposed, and blocks 
of the metal silicon 24 were placed on the uppermost 
portion of the superimposure. The purity of the blocks 
of metal silicon 24 was 99.99wt% or greater. The super- 
imposure on which the blocks of metal silicon 24 were 
placed was put in a furnace and heated under a reduced 
pressure environment of 1 torr and maintained at a max- 
imum temperature of 1 800°C for about three hours. As 
a result, the solid metal silicon 24 was melted, arid the 
metal silicon 24 was impregnated in the porous bodies 
17. Simultaneously, the composites 18 were bonded to 
each other by means of the bonding layer 31. The im- 
pregnation amount of the metal silicon 24 relative to 100 
parts by weight of silicon carbide was 30 parts by weight. 
Further, the thickness of the bonding layer 31, which 
was made of the metal silicon 24, was 150um 
[0151] in the manufactured base materials 11 A, 11B, 
which were made of the silicon carbide-metal compos- 
ite, the porosity of the opened pores 23 in the porous 
structure was 20%, the thermal conductivity as a whole 
was 210W/m.K, and the density as a whole was 3.0g/ 
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cm 3 . Further, the average grain diameter of the silicon 
carbide crystals 21 , 22 was 30um More specifically, the 
base materials 11 A, 11 B included 20vol% of the fine 
crystals 21 having an average grain diameter of 1 .0u,m 
and 80vol% of the rough crystals 22 having an average 
grain diameter of 40u.m. 

[0152] The coefficient of thermal expansion of the po- 
rous bodies 17 in this embodiment was 4.0x1 0- 6 /°C. 
The coefficient of thermal expansion of the bonding lay- 
er 31 made of metal silicon 24 was 4.2x1 0" 6 / o C and ex- 
tremely approximate to that of the metal silicon 24. The 
thermal conductivity of the bonding layer 31, which is 
made of the metal silicon 24, was 150W/m-K. Thus, the 
bonding layer 31 was a highly thermal conductive body. 
[0153] Subsequently, the surface of the upper base 
material 11 A was ground to finally complete the table 2. 
[01 54] The f lexural strength of the table 2 of referen- 
tial example 3-1 that was produced in this manner was 
measured a number of times using a technique known 
in the art. The result indicated an average value of about 
550MPa. 

[0155] As schematically shown in Fig. 6B, the metal 
silicon 24 impregnated in the porous bodies 1 7 and the 
metal silicon 24 forming the bonding layer are continu- 
ous and have no boundaries. It is believed that this 
somewhat increases the flexural strength. 
[0156] Further, after performing a heat cycle for a cer- 
tain period of time, the table 2 was cut vertically, and the 
cut surface was observed by the naked eye or with a 
microscope. The result showed that cracks or exfoliation 
were not found in the bonding interface. 
[01 57] The table 2 of the example 3-1 that was man- 
ufactured in this manner was set on various types of the 
grinder 1 and the semiconductor wafers 5 of varied sizes 
were ground while constantly circulating the cooling wa- 
ter W in the coolant passage 1 2. The semiconductor wa- 
fers 5, which were ground by the various types of the 
grinder 1 , were observed. There were no damages to 
the wafers 5 regardless of size. Further, the wafers 5 
were not bent. In other words, it was confirmed that the 
semiconductor wafers 5 having large diameters and 
high quality were manufactured when using the table 2 
of referential example 3-1 . 

[Referential Example 3-2] 

[0158] In referential example 3-2, the table 2 was 
manufactured with the bonding layer 31 having a thick- 
ness of 50p.m. The other conditions were basically the 
same as those of referential example 3-1 . 
[0159] The flexural strength of the produced table 2 
was measured a number of times, and the average val- 
ue was about 550MPa. Further, after performing a heat 
cycle for a certain period of time, the cut surface of the 
table 2 was observed. The result showed that cracks or 
exfoliation were not found at all in the bonding interface. 
[0160] The table 2 was set on various types of the 
grinder 1 and the semiconductor wafers 5 of varied sizes 



were ground. Excellent results similar to those of refer- 
ential example 3-1 were obtained. That is, there were 
no damages to or bending of the wafers 5, and it was 
confirmed that the semiconductor wafers 5 having large 
5 diameters and high quality were manufactured. 

[Referential Example 3-3] 

[0161] In referential example 3-3, the table 2 was 

10 manufactured with the bonding layer 31 having a thick- 
ness of 1 500u.m. The other conditions were basically the 
same as those of referential example 3-1 . 
[0162] The flexural strength of the produced table 2 
was measured a number of times, and the average val- 

15 ue was about 550MPa. Further, after performing a heat 
cycle for a certain period of time, the cut surface of the 
table 2 was observed. The result showed that cracks or 
exfoliation were not found at all in the bonding interface. 
[0163] The table 2 was set on various types of the 

20 grinder 1 and the semiconductor wafers 5 of varied sizes 
were ground. Excellent results similar to those of refer- 
ential example 3-1 were obtained. That is, there were 
no damages to or bending of the wafers 5, and it was 
confirmed that the semiconductor wafers 5 having large 

25 diameters and high quality were manufactured. 

[Comparative Example 3-1] 

[01 64] In comparative example 3, the base substrates 
30 1 1 A, 1 1 B were manufactured by impregnating each po- 
rous body 17 with the metal silicon 24. Then, a brazing 
material made of Ag-Cu-Tl was used to braze and bond 
the base materials 11 A, 11 B to each other. The other 
conditions were basically the same as referential exam- 
35 pie 3-1 when producing the table 2. The thermal con- 
ductivity of the brazing material was 170W/m-K and 
slightly higher than the metal silicon 24. The coefficient 
of thermal expansion of the brazing material was 
1 8.5 x 1 0' 6 /°C and somewhat greater than the metal sil- 
40 icon 24. 

[0165] In comparative example 3-1 , the impregnation 
of the metal silicon 24 and the bonding of the base ma- 
terials 11 A, 11 B were performed in different processes. 
Thus, comparative example 3-1 was inferior to the three 
45 referential examples from the viewpoint of productivity 
and cost. 

[01 66] Then, the flexural strength of the produced ta- 
ble 2 was measured a number of times, and the average 
value was about 400MPa, which is a value lower than 
so the three referential examples. Further, after performing 
a heat cycle for a certain period of time, the cut surface 
of the table 2 was observed. The result showed that 
cracks or exfoliation were found in the bonding interface. 

55 [Comparative Example 3-2] 

[01 67] In referential example 3-2, the base substrates 
11 A, 1 1 B were manufactured by impregnating each po- 
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rous body 17 with the metal silicon 24. Then, a resin 
adhesive (manufactured by Cemedine) was used to ad- 
here the base materials 1 1 A r 1 1 B to each other. The oth- 
er conditions were basically the same as referential ex- 
ample 3-1 when producing the table 2. The thermal con- s 
ductivity of the adhesive was 0.162W/m-K and much 
lower than the metal silicon 24. The coefficient of ther- 
mal expansion of the adhesive was 65x1 0-VC and 
much greater than the metal silicon 24. 
[0168] In comparative example 3-2, the impregnation 10 
of the metal silicon 24 and the bonding of the base ma- 
terials 11 A, 11 B were performed In different processes. 
Thus, comparative example 3-2 was inferior to the three 
referential examples from the viewpoints of productivity 
and cost. /5 
[0169] Then, the flexural strength of the produced ta- 
ble 2 was measured a number of times, and the average 
value was about 50MPa, which is a value further lower 
than comparative example 3-1 . Further, after performing 
a heat cycle for a certain period of time, the cut surface 20 
of the table 2 was observed. The result showed that 
cracks or exfoliation were found in the bonding interface. 
[0170] Each of the referential examples in this embod- 
iment has the advantages described below. 

25 

(1) In the table 2 of each referential example, two 
sheets of the silicon carbide-metal composite 1 8 
are bonded to each other by the bonding layer 31 , 
which is made of the metal silicon 24. The difference 
between the coefficient of thermal expansion of the 30 
bonding layer 31 and the coefficient of thermal ex- 
pansion of the composites 1 8 (which is substantially 
the same as the coefficient of thermal expansion of 
silicon carbide) is about 0.2x1 6* 6 / 0 C and extremely 
small. Thus, thermal stress is not produced by the 35 
coefficient of thermal expansion difference and the 
formation of cracks and exfoliation is prevented. 
Thus, the table 2 resists being damaged when sub- 
jected to a heat cycle and has superior long-term 
reliability. Further, the thermal conductivity of the 40 
metal silicon 24 is much higher than an adhesive. 
Thus, the metal silicon 24 does not increase thermal 
resistance in the bonding interface. Accordingly, the 
table 2 has superior thermal conductivity. 

45 

(2) In the referential examples, when manufacturing 
the table 2, the impregnation of the metal silicon 24 
and the bonding of the composites 18 are per- 
formed simultaneously. Accordingly, in comparison 

to when performing each process separately, the ta- so 
ble 2 is efficiently produced. This ensures that the 
optimal table 2 is produced inexpensively 

(3) In the referential examples, the formation of 
cracks and exfoliation in the bonding interface is 55 
prevented, and damages do not occur when a heat 
cycle is performed. This prevents water from leak- 
ing from the coolant passage 12, and the table 2 



has long-term reliability. Further, the bonding layer 
31 , which is made of the metal silicon 24, does not 
increase thermal resistance in the bonding inter- 
face. Thus, the table has superior thermal conduc- 
tivity. Accordingly, the temperature difference in the 
table 2 is low, and the table 2 has extremely high 
thermal uniformity and thermal response. There- 
fore, a large diameter, high quality wafer 5 is man- 
ufactured by using the table 2 in the wafer grinder 1 . 

[0171] This embodiment may be modified as de- 
scribed below. 

[0172] The porous body 1 7, which is made of a silicon- 
containing ceramic, may be made of a material other 
than silicon carbide, such as silicon nitride, to produce 
the table 2. Further, instead of employing composites 
1 8 formed from the same type of ceramic, the compos- 
ites 1 8 may be formed from different types of ceramics 
(e.g., a combination of silicon carbide and silicon ni- 
tride). 

[01 73] The present invention is not to be limited to the 
firstto third embodiments. Further, the present invention 
is not to be limited to the details given herein, but may 
be modified within the scope of the appended claims. 



Claims 

1. A porous silicon carbide sinter having a structure 
formed by silicon carbide crystals (21 , 22) that in- 
cludes opened pores (23), wherein the porous sin- 
ter has a silicon carbide crystal average grain diam- 
eter of 20u,m or greater, a porosity of 40% or less, 
and a thermal conductivity of 80W/m-K or more. 

2. A porous silicon carbide sinter having a structure 
formed by silicon carbide crystals (21 , 22) that in- 
cludes opened pores (23), wherein the porous sin- 
ter has a silicon carbide crystal average grain diam- 
eter of 20u.m to 1 OOujti, a porosity of 5% to 30%, 
and a thermal conductivity of 80W/m-K or more. 

3. The porous silicon carbide sinter according to claim 
1 or 2, characterized In that the silicon carbide 
crystals include 1 0vol% to 50vol% of fine silicon car- 
bide crystals (21 ) having an average grain diameter 
of 0.1 jim to 1 .Ojim and 50vol% to 90vol% of rough 
silicon carbide crystals (22) having an average 
grain diameter of 25u.m to 150um 

4. A method for manufacturing a porous silicon car- 
bide sinter having a structure formed by silicon car- 
bide crystals (21 , 22) that includes opened pores 
(23), wherein the porous silicon carbide sinter has 
a silicon carbide crystal average grain diameter of 
20u/n or greater, a porosity of 30% or less, and a 
thermal conductivity of 80W/m-K or more, the meth- 
od comprising the steps of: 
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adding 10 parts by weight to 100 parts by 
weight of a fine powder of a silicon carbide hav- 
ing an average grain diameter of 0.1 pirn to 
1 ,0\wn to 1 00 parts by weight of a rough powder 
of a silicon carbide having an average grain di- 5 
ameter of 5u.m to 1 OOum and uniformly mixing 
the rough powder and the fine powder; 
molding a mixture obtained in the mixing step 
into a predetermined shape to produce a mold- 
ed product; and 10 
sintering the molded product within a tempera- 
ture range of 1700°C to 2400°C to produce a 
sinter. 

A member (2) used in a wafer grinder, wherein the 
wafer grinder member is formed from the porous sil- 
icon carbide sinter according to any one of claims 
1 to 3. 

A wafer grinder table having a grinding surface (2a) 20 
for grinding a semiconductor wafer held on a wafer 
holding plate, the table including: 

a plurality of bonded base materials (1 1 A, 1 1 B), 
each formed from the porous silicon carbide 25 
sinter according to any one of claims 1 to 3; and 
a fluid passage (12) formed in a bonding inter- 
face of the base materials. 

A silicon carbide-metal composite having a porous 30 
structure formed by silicon carbide crystals (21 , 22) 
that includes opened pores (23), wherein the 
opened pores are impregnated with metal, wherein 
the silicon carbide-metal composite has a silicon 
carbide crystal average grain diameter of 20ujti or 35 
greater, a porosity of 30% or less, and a thermal 
conductivity of 1 60W/m-K or more, and wherein 1 00 
parts by weight of silicon carbide are impregnated 
with 1 5 parts by weight to 50 parts by weight of met- 



10. The silicon carbide-metal composite according to 
claim 7 or 8, characterized in that 100 parts by 
weight of silicon carbide is impregnated with 20 
parts by weight to 50 parts by weight of metal alu- 
minum. 

11. The silicon carbide-metal composite according to 
any one of claims 7 to 1 0, characterized in that the 
silicon carbide crystals include 1 0vol% to 50vol% of 
fine silicon carbide crystals (21) having an average 
grain diameter of 0.1 u,m to 1.0u.m and 50vol% to 
90vol% of rough silicon carbide crystals (22) having 
an average grain diameter of 25u,m to 150u.m. 

12. A method for manufacturing a silicon carbide-metal 
composite having a porous structure formed by sil- 
icon carbide crystals (21 , 22) that includes opened 
pores (23), wherein 100 parts by weight of silicon 
carbide is impregnated with 15 parts by weight to 
50 parts by weight of metal in the opened pores, the 
average grain diameter of the silicon carbide crys- 
tals is 20ujti or greater, the porosity is 30% or less, 
and the thermal conductivity is 1 60W/nvK or great- 
er, the method comprising the steps of: 

adding 10 parts by weight to 100 parts by 
weight of a fine powder of a silicon carbide hav- 
ing an average grain diameter of 0.1 u,m to 
1 .0u.m to 1 00 parts by weight of a rough powder 
of a silicon carbide having an average grain di- 
ameter of 5|im to 100u/n and uniformly mixing 
the rough powder and the fine powder; 
molding a mixture produced in the mixing step 
into a predetermined shape to produce a mold- 
ed product; 

sintering the molded product within a tempera- 
ture range of 1 700°C to 2400°C to produce a 
sinter; and 

impregnating the molded product or the sinter 
with metal. 



A silicon carbide-metal composite having a porous 
structure formed by silicon carbide crystals (21 ; 22) 
that includes opened pores (23), wherein the 
opened pores are impregnated with metal, wherein 45 
the silicon carbide-metal composite has a silicon 
carbide crystal average grain, diameter of 20u.m to 
1 0Ofim, a porosity of 5% to 30%, and a thermal con- 
ductivity of 160W/m-K or more, and wherein 100 
parts by weight of silicon carbide are impregnated 
with 1 5 parts by weight to 50 parts by weight of met- 
al. 

The silicon carbide-metal composite according to 
claim 7 or 8, characterized in that 100 parts by 55 
weight of silicon carbide is impregnated with 15 
parts by weight to 45 parts by weight of metal sili- 
con. 



13. The method for manufacturing a silicon carbide- 
metal composite according to claim 12, character- 
ized in that 1wt% to 10wt%, in carbon weight con- 
verted value, of an organic substance serving as a 
carbide source is added to the molded product. 

14. A member (2) used in a wafer grinder, wherein the 
wafer grinder member is formed from the silicon 
carbide-metal composite according to any one of 
claims 7 to 11. 

15. A wafer grinder table having a grinding surface (2a) 
for grinding a semiconductor wafer held on a wafer 
holding plate, the table (2) including: 

a plurality of bonded base materials (11 A, 1 1 B), 
each formed from the silicon carbide-metal 
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composite according to any one of claims 7 to 
11; and 

a fluid passage formed in a bonding interface 
of the base materials. 

5 

1 6. A wafer grinder table having a grinding surface (2a) 
for grinding a semiconductor wafer held on a wafer 
holding plate, the table (2) including: 

a plurality of base materials (1 1 A, 1 1 B), each of 10 
which is a ceramic-metal composite formed by 
impregnating metal silicon in opened bores of 
a porous body made of silicon-containing ce- 
ramic; 

a bonding layer (1 4) formed from the metal sil- 15 
icon to bond the base materials; and 
a fluid passage (12) formed in a bonding inter- 
face of the base materials. 

1 7. The wafer grinder table according to claim 1 6, char- 20 
acterized in that, in the ceramic-metal composite, 

the porous body includes silicon carbide crystals 
with an average grain diameter of 20uin to 100uxn, 
has a porosity of 10% to 50%, and has a thermal 
conductivity of 160W/m-K or more, and wherein 1 00 25 
parts by weight of silicon carbide is impregnated 
with 1 5 parts by weight to 50 parts by weight of the 
metal silicon. 

18. The wafer grindertable according to claim 17, char- 30 
acterized in that the silicon carbide crystals include 
10vol% to 50vol% of fine silicon carbide crystals 
(21) having an average grain diameter of 0.1p.m to 

1 .0u.m and 50vol% to 90vol% of rough silicon car- 
bide crystals (22) having an average grain diameter 35 
of 25u,m to 150um 

19. The wafer grinder table according to any one of 
claims 15 to 18, characterized in that the bonding 
layer has a thickness of 1 0u.m to 1 500u,m. 40 
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Fig. 5 
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